Abstract-A new system aggregation technique was proposed to analyze hybrid production lines. Different from the traditional techniques, new lines consisting of "equivalent" machines were set up and the parameters of machines were renewed repeatedly rather than fixed in the process of whole aggregation. Meanwhile, forward aggregation and backward aggregation alternately proceeded until steady system parameters of production lines were gotten. The comparison analysis between the technique and the traditional aggregation technique was done by numerical experiments. The advantages and applying circumstance of the new aggregation technique were also specified by numerical results.
original production line into a set of two-machine lines, and the behavior of the two-machine lines closely approximates that of the original production line. Many scholars do a great deal of work to increase the efficiency of the technique, such as Dallery Y. and Bihan H. L. [9] , Colledani M. and Tolio T. [10] , etc. The technique seem to find a balance between complexity and reliability, for example, more simplified and high convergent algorithms such as ADDX,BDDX, etc, are offered and developed [11] , [12] . Moreover, the method has been developed and widely utilized to study production lines with complex construction, e.g. parallel lines [13] , assembly/disassembly lines [14] , closed loop system [15] , etc.
The idea of aggregation method is to replace a buffer and the two surrounding machines by a single "equivalent" machine, and step by step, the whole line can be aggregated into a single "equivalent" machine so that the system performance can be estimated by the last "equivalent" machine. Compared with decomposition method, the aggregation method has larger analysis error on some models of production line. But it can be utilized directly to analyze both homogeneous production line and non-homogeneous production line without any transformation of model. In this respect, the decomposition method cannot do it. The method is widely utilized by following scholars. The simulation method is comparatively accurate, whereas it is time-consuming.
Motivated by the literature [16] , the paper proposes a new aggregation technique. Different from traditional aggregation method, the parameters of first machine and last machine are renewed by "equivalent" machine gotten in aggregation process. A new line consisting of "equivalent" machines is set up after a forward (or backward) aggregation process. Forward aggregation and backward aggregation alternately proceed until steady system parameters of production lines are gotten. For the convenience of comparing the technique with traditional aggregation method, the data in the literature [6] are utilized in numerical experiments. The new aggregation technique proposed in the paper is specified by numerical results. The new aggregation technique complements and develops the system analysis techniques of hybrid production lines.
II. PROBLEM STATEMENTS
A typical production line which consists of N machines   
 
Due to the line is a conserve system, the system throughput E of the line in a long run is as follows:
The system average buffer level i n of the buffer
 is as follows:
The production system throughput E and average buffer level
 are main system performance parameters of production lines. Our objective in the paper is to estimate the system throughput of lines by a new aggregation method.
III. A NEW SYSTEM AGGREGATION METHOD

A. Traditional System Aggregation Method
For analysis of production line with many unreliable machines, the literature [8] has proposed an aggregation method.
The idea of the method is to replace a buffer and the two surrounding machines by a single "equivalent" machine whose behavior is similar with the original two-machine line.
Step by step, for a N-machine line, an system aggregated model consisting of just one "equivalent" machine can be obtained finally. Then the throughput of the N-machine system is gotten by the average production rate of the final "equivalent" machine. The aggregation process from upside of the line is as shown in Fig. 2 . In Fig. 2 [8] , [17] , etc, for more help.
B. A New System Aggregation Method
The aggregation process of traditional aggregation method stops when the whole production line is aggregated into an "equivalent" machine and the throughput of the system can be obtained by the parameters of the "equivalent" machine. 
denote the maximum production rate of the machine
MiN ∈ L and be a continuous-time Markov process
indicates the machine is under repair.
Assume that there are always parts available at the input of the system and spaces available at the output of the system. Meanwhile, assume that the failures are all operation dependent. Then
is the average independent production rate of the machine
Based on the principle of system aggregation, a new system aggregation method motivated by the literature [16] is proposed here. Fig. 3 shows the new aggregation technique started from the backward aggregation.
Firstly, the backward aggregation is adopted. The pseudo "equivalent" machine M . Then the processing similar to the above processes goes on until steady system parameters of production lines are obtained.
The new aggregation technique is different from the traditional method. In the literature [8] , the aggregation process of traditional method is one-way aggregation. However, the forward aggregation and backward aggregation alternately proceeded in the new method. Furthermore, our method builds new lines by pseudo "equivalent" machines obtained in the process of aggregation, meanwhile, the parameters of all machines including the first and the last machine in the line are not fixed and renewed repeatedly by aggregation.
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Then, the throughput of lines can be obtained by the new aggregation technique.
IV. NUMERICAL RESULTS
For the convenience of specifying the new technique, the data of the literature [6] Meanwhile, the ratio of the average production time 1/ i p to the average breakdown time 1/ i r is larger for each machine. It can be seen in the Table II that the traditional technique gets a better result. These examples mentioned above are only a few among those we tested. It can be drawn that for the lines with more or larger breakdown rates of machines whereas the repair rates of machines are comparatively fixed, the technique proposed by the paper provides better estimates of the throughput of line, e.g. Line 1 L , than the traditional technique. The main reason is that larger breakdown rates or larger ratio of breakdown rate to repair rate of machines result in larger probability of blockage and starvation under the condition that the ratio of breakdown rate to repair rate of each machine are equal or nearly equal for homogeneous lines.
In the traditional aggregation method, the aggregation process is one-way aggregation and it stops when the whole production line is aggregated into a pseudo "equivalent" machine. However, the aggregation technique offered by the paper builds a new pseudo-line by "equivalent" machines obtained in former aggregation process. So the parameters of all machines are renewed repeatedly. That is to say, by our technique, all information of lines including blockage and starvation can be introduced to the new pseudo-line by "equivalent" machines obtained by former forward or backward aggregations. Thus the system process information of lines can be renewed rapidly and it to some extent reduces the influence incurred by the impact of blockage and starvation in aggregation process. So for production lines with large breakdown rates of machines, our aggregation technique gets a better estimation. But if the breakdown rates of machines are comparatively small, our aggregation technique has larger errors than the traditional technique.
We now consider the case of non-homogeneous lines. Several examples referred to as lines 3 L to 4 L are considered. These examples are again taken in part from [6] . Line 3 L has
N  machines. The data and the numerical results for the lines are given in Table III and  Table IV . Note that these examples are only a few among those we tested. Table IV that our method get a better estimation compared with the traditional method. The main reason is as same as that when analyzing homogeneous lines above. In summary, our technique can get a fairly good estimation of throughput if the breakdown rates of machines are comparatively large when the ratios of breakdown rate to repair rate of machines are equal or nearly equal for homogeneous lines. For non-homogeneous lines, if the non-homogeneousness of lines results in high occurrence probabilities of blockage and starvation, then our technique can get a fairly good estimation. This is because the system International Journal of Machine Learning and Computing, Vol. 4, No. 5, October 2014 information of lines can be renewed rapidly by our method and it consequently to some extent reduces the influence incurred by the impact of blockage and starvation in aggregation process, and deal with the lines well. Conversely, the traditional method gets better estimations for lines with low probability of blockage and starvation.
V. CONCLUSIONS
A new aggregation technique has been proposed to analyze the performance of hybrid production lines. The comparison analysis between the technique and the traditional aggregation method was done by numerical experiments. It can be drawn that the new technique has advantages to analyzing the lines with high non-homogeneousness or high occurrence probability of blockage and starvation. The new technique complements and develops the system analysis techniques of hybrid production lines.
